DRY ETCHING \V EHi REDUCED DAMAGE 
TO MOS DEVICE 

/ 

BACKGROUND OE THE INVENTION 

a) Field of the Invention 

The present invention relates to a semiconductor 
device and its manufacturing- method, and more particularly to a 
semiconductor device having insulated gate type field effect 
transistors (IGEET) fabricated at a high integration. 

b) Description of the Related Art 

As patterns of large scale integration (LSI ) circuits 
are becoming finer, it is desired to improve a pattern transfer 
precision. Anisotropic dry etching such as reactive ion etching 
(RIE) and electron cyclotron resonance ( ECR ) plasma etching is 
widely used so as to reliably transfer a mask pattern on a layer 
such as a wiring layer to be processed. Such anisotropic dry 
etching uses plasma or ions. 

A plasma process is likely to produce an electrical 
stress such as a damage caused by non-uniformity of plasma 
(refer to J. App I . Phys. 72 (1992) pp.4865 - 4872). As patterns 
are becoming finer, the gate insulating film of an insulated 
gate type field effect transistor (IGEET) is becoming thinner. 
There are many gate insulating films which have a thickness of 
10 inn or less and are susceptible t.o influences and damages by 
an electrical stress. For example, if a Eow 1 e r - No r dhe i m (EN) 
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tunne. current, flows through a gale Insulating film, defects 
corresponding* in amount to an integrated current flow are formed 
so that the threshold vol tag.- changes. if a dielectric 
breakdown occurs, the gate electrode and semiconductor substrate 
are shor t-c i rcu i ted . 

A gate oxide film having a thickness of 10 run is full 
of danger of breakdown when a voltage of 10 to 15 V or higher is 
applied. In a plasma atmosphere, a potential Vdc at the surface 
of a layer to be processed reaches 100 to 1000 V. it is not 
easy to set a uniformity of potential distribution 5 % or less. 

Therefore, there is a high danger of breaking a gate 
insulating film during a plasma process. This danger is present 
not only when patterning a wiring layer, but also when opening a 
contact, hole or when cleaning a contact hole by plasma 
sputtering. 

Conventional I y , such a damage phenomenon has been 
considered to be resulted from non-uniformity of the electric or 
magnetic property of plasma. Therefore, as a means of 
eliminating damages, it has been endeavored to generate and use 
uni form pi asma . 

More specifically, it has been proposed to uniformize 
a bias voLtage by providing a uniform plasma potential and a 
position independence of an electron mobility. v or example, in 
a configuration that magnetic fluxes traverse over the surface 
of a layer to he processed, it lias been proposed not to change 
the vert i cal components of a magnetic field between the surfaces 



of a central, area and a poriphora] area of a layer to be 
processed . 

The present inventors have found that damages may be 
generated depending- upon a type of patterns to be processed, 
even if the non-uri i f ormi t.y of plasma is improved. 

SUMMARY OF THK INVENTION 

I l is i'*n object of the present invention to provide a 
semiconductor device and its manufacturing: method, capable of 
eliminating- damages even if fine patterns are processed. 

According to one aspect of the present invention, 
there is provided a method of manufacturing a semiconductor 
device containing insulated gate type field effect transistors, 
including the steps of: forming a gate insulating fiJrn and an 
electrode layer on a semiconductor' substrate; patterning- the 
electrode layer- to form a gate electrode layer having a 
predetermined area and facing the semiconductor substrate with 
the gate insulating film being interposed therebetween; forming: 
an inter layer insulating film covering- the gate electrode layer; 
forming a wiring layer connected to the gate electrode layer on 
the inter layer* insulating f i lm; forming 1 a conductive material 
layer on the wiring layer; coating a resist layer' on the 
conductive material layer; patterning the resist layer' to form a 
resist mask forming a wiring pattern having an antenna ratio of 
about ten times or' more relative to the predetermined area of 
the gate electrode layer' facing the semiconductor substrate; 




first plasma-etching: at least trio conductive materia] layer by 
using: the resist mask as an etching mask; removing the resist 
mask after the first plasma--:? ten i ng step; and after removing- the 
resist mask, second p Lasma-e teh i ng at least part of the wiring 
layer connected to the gate o 1 oc: t rode layer. 

According to another aspect of the present invention, 
there is provided a method of manufacturing a semiconductor 
device having a conductive film pattern with a pattern space of 
1 Mm or less, including the steps of: forming an electrode layer 
on part of the surface of a semiconductor substrate, with a thin 
insulating fi lrn being interposed therebetween; forming an 
inter layer insulating film on the electrode Layer, the 
interlayer insulating film being formed with a contact hole; 
forming a conductive film on the interlayer insulating film; 
forming an insulating material mask layer on the conductive 
film; coating a resist layer" on the insulating material mask 
layer; patterning the resist layer; patterning the insulating 
material mask layer by using ; lie resist layer as an etching 
mask; removing the resist layer; and plasma-etching and 
patterning the conductive layer by using the insulating materia] 
mask layer as an etching mask, wherein the thickness oi the 
insulating mat or ial mask layer is sot to a half or less of a 
m i n Imum pat tern space . 

According to a furl tier aspect of the present 
invention, there is provided a method of manufacturing a 
semiconductor device, wherein in etching a wiring layer* 



connected to an insulated ga \ e of an insulated gate type field 
effect transistor or an insulating- layer on the wiring- layer by 
using pLasnia having uniform c ha r ac t e r i s t i cs and exposed on the 
s u r fa c e o f a m a t e r i a 1 t o b e p r o e e s s c d , an R F b i a s h a v i n g a 
frequency of' 1 MHz or lower is applied to the material to be 
processed s<:> as to make the amounts of ions and electrons 
incident generally in the vertical direction upon the surface of 
the waring layer, generally equal to each other. 

According to a still further aspect of the present 
invention, there is provided a method of manufacturing a 
semiconductor device for forming a first wiring- layer and a 
second wiring layer at the same time, the first wiring layer 
being connected to a gate electrode on a gate insulating film 
formed on a semiconductor region of a first conductivity type, 
and the seco n d w i r i n g- 1 a y e r b e i n g c o n n e e ted t o t h e s e n i i e o ndu c tor 
regio n , wh e rein i 1 1 p a 1 1 e r n i n g t h o first and s e e o n 1 1 w i r i n g 
layers, a third wiring layer electrically separated from and 
placed between the first and second wiring layers is left 
une tclied . 

In etching a conductive pattern connected to a gate 
electrode on a thin insulating film and having a high antenna 
ratio relative to an intrinsic gate area, damages are formed in 
the gate structure even if uniform plasma is used. However, if 
the mask of plasma etching is made conductive, it is possible to 
avoid damages in the gate structure. If a mask is not 
conductive, an i in b a 1 an c e I) e t w e en [ ) t >s i t i v e a n d n e gat i v e c \ \ a r g o s 




incident upon a conductive layor under the mask to be processed, 
results in a charge-up of the conductive layer to be processed. 
If a mask is conductive, it is conceivable that it is not 
necessary to balance positive and negative barges only by the 
conductive layer under the mask, but positive and negative 
charges are balanced by a combination of the mask and the 
conductive layer to be processed. 

If an antenna ratio is 10 or higher and a charge-up 
occurs once, a current amplified about 10 times or more flow 
through the region having a low insulating strength. Therefore, 
the characteristic's of a semiconductor device are easily 
changed. A balanced charge eliminates a tunnel current and 
allows a semiconductor device having a desired performance to be 
manufactured . 

i f f h e a r e a of si d e wa 1 1 s o f a n o n - e o n d u c live mask is 
negligibly small, damages can be avoided. The reason for this 
may be a small absolute value of negative charges incident upon 
the side walls of a non- conduc t. i ve mask. Specifically, damages 
can be effectively avoided if the? thickness of a mask is a half 
or less of a minimum pattern space. 

A conventional uniform plasma can be considered as 
having the same amounts of positive and negative charges 
incident upon a flat surface. However, if the incident 
directions are taken into consideration, uniformity cannot be 
ensured. Accordingly, it is conceivable that there are 
irregularities if only the charges incident in the vertical 




direction through an opening in a non-conductive mask are taken 
into consider a lion. 

If those irregularities /are eliminated, positive and 
negative charges can be balanced and damages can be avoided. In 
order to control a balance between positive ami negative charges 
incident in the vertical direction from plasma to the surface of 
a material to be processed, it is effective that the frequency 
of an RF bias is set to 1 MHz or lower. It is also effective to 
apply a divergent magnetic field and an auxiliary mirror- 
magnetic field for balancing charges incident in the vertical 
direction upon the surface of a material to be processed. 

It is possible to avoid damages to be caused by plasma 
while etching a dense wiring pattern, forming a contact hole, or 
cleaning a contact hole. 

BRIEF DESCRIPTION OF THF DRAWINGS 

F i gs . 1 A t o i I ) a r o schc m a t i c c r o s s section a 1 v i e w s 
explaining the fundamental concept of the invention. 

Figs.2A to 21.) are cross sectional views, a plan view, 
and a graph, explaining an antenna structure and a tunnel 
c u rrcnt . 

F i gs . ;JA and are a plan view and a cross sectional 

view explaining an experimental sample. 

F i gs . 4A and 4H are a graph and a cross sectional view- 
explaining the experiment results and analysis. 

Figs.5A to fdj are cross seel i on a I views and a plan 



view explaining- the experiment eondi l ions and analysis. 

Figs.GA and G13 are cross sootionai views showing- other 
processes capable of applying the experiment results. 

Kig's.TA to 70 are cross sectional views 
exp 1 a i n i n g a me thod o f man a f ac t u r i ng a sern i e endue to r tie v i c e 
according- to an embodiment of the invention. 

Ki.ffs.8A to 8D are cross sectional views explaining 1 a 
method of rnanu f'aetur i ng a sern i conduc for d»*v i ce accord i ng- to the 
embodiment o f t h. e i n ventio n . 

Figs.9A to 91) are cross sectional views explaining- a 
method of manufacturing a semiconductor device according' to 
another embodiment of the invent ion. 

F i g s . 1 0 A t o 1 0 C a r e e r o s s s e c t i o n a I v i ow s explaining a 
method of manufacturing a semiconductor device according to a 
further embodiment of the invent ion. 

Fig. 11 is a schematic cross sectional view of a plasma 
etching system to be used for the embodiments of the invention. 

Fig. 12 is a schematic cross sectional view of another 
plasma etching system to be used for the embodiments of the 
i riven t i on . 

Figs.l^A and 1813 are [.'Ian views of wiring' patterns to 
be used for the embodiments of trie invention. 

Kigs.l4A and 14B are an equivalent, circuit diagram of 
a NANO circuit suitable for use with the embodiments of the 
invention, and a schematic diagram showing the layout of" the 
NANO c i rou i t . 




Pig. 15 is a schematic cross sectional view showing: the 
structure of a semiconductor device having- multi-layer wiring's. 

DETAILED DESCRIPTION OE THE PRE EE RUED EMBODIMENTS 

It is known that if any iion-nni f'onni ly of plasma is 
present at a plasma etching" process, a layer to bo etched is 
like 1 y to h a v o d a rn a g e s . 

Such plasma irregularity can be verified by measuring 
a destruction rate of a MOS diode having a so-called antenna 
structure or by detecting- a shift; of a flat band voltag-e. 

The antenna structure is a structure; that a structure 
sensitive to a charged state is electrically connected to a 
conductor having* a "large area exposed to plasma. In other 
words, the potential of the structure sensitive to a charged 
state i s changed by e 1 ectr i c charges rece i ved from pi as ma by an 
antenna having a large exposed area. 

The flat band voltage means a voltage necessary for 
flattening a band distorted by electric charges trapped by an 
insulating layer or the like. During a plasma process, if 
electric charges of one polarity are Injected Into and trapped 
by the structure, its flat band voltage changes. By detecting a 
shift of the flat band volt ago, it becomes possible to know the 
amount of electric charges trapped in the gate insulating film 
from an KN tunnel current flowed through a MOS diode. 

for determining process conditions, changes in flat 
band voltages or destruet ion rates of a number of MOS diode 1 
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structures having; an antenna structure formed on the surface of 
a layer to be processed, are measured to detect an imbalance 
between positive and negative charges incident upon the surface 
of the layer to be processed. 

However, the detected balance between positive and 
negative charges indicates a balanced state per unit area on a 
flat surface, and does not contain information of the directions 
of incident el ce t r i c charges . 

Photoresist is generally an insulating material, and 
its aspect ratio increases as a pattern to be processed becomes 
fine. As a result, even if then* is an exact balance between 
positive and negative charges incident upon the surface of a 
resist layer, if there is a difference between distributions of 
incident directions, the amount uf electric charges incident 
upon a conductive layer to be processed and disposed under the 
resist layer, changes. 

Figs.2A and 2B are a cross sectional view and a plan 
view showing an antenna structure. In Fig.2A, on the surface of 
a semiconductor substrate 101 made of, for example, p-type Si, a 
thick field oxide film 102b is selectively formed. The filed 
oxide film 102b surrounds an active region 108 shown in Fig.2B. 

A thin gate oxide film 102a is formed on the surface 
of the active region 108. A gat^ -Moot rode 103 made of, for 
example, polycrystal 1 ine Si. is formed on the gate oxide film 
102a. As shown in Fig.2B, the gat-.? electrode 103 traverses over 
the central area of the active region 108 and extends to the 
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field oxide film on the opposite s i dees of the active region 108. 

The gate oxide f i ! rn on the surface of the active 
region 108 on the both sides of the gate electrode KK3 is 
removed to form source and drain electrodes. 

An interlayer insulating film 104 made of, for 
example, SiO-, is formed covering the gate electrode 103, and a 
contact hole 105 is formed in the interlayer insulating film 
104, partially exposing the gate electrode 103. A gate wiring 
layer 106 is formed on the interlayer insulating film 104, 
connecting the gate electrode 103 via the contact hole 105. The 
wiring layer 106 has an area Af at least ten times as large as 
an area Ag of the gate electrode 103 on the active region 108. 

The property of the insuLating gate structure 
constituted by the semiconductor substrate 101, gate insulating 
film 102a, and gate electrode 103 is affected by a Fowler- 
Nordheirn (FN) tunnel current flowing through the gate insulating 
film 102a . 

F i g . 2 C s o h e ma 1 1 c a .1 1 y s h o w s the current- v o 1 1 a g e 
characteristics of a M0S capacitor. The abscissa represents a 
voltage applied to a M0S capacitor in a linear* scale, and the 
ordinate represents a current flowing through t he M0S capacitor 
in a logarithmic scale. As the applied voltage increases, a 
leakage current I'L first flows. When the applied voltage is 
raised to a certain value (when the electric field in the gate 
insula' ing film takes a certain intensity), a tunnel current I in- 
flows through the gate insulating f i i m . As the applied voltage 
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is further r a i sod t o a certain vol t a g e , t h e c u r r o r 1 1. a b r u p t 1. y 
increases to a d i e 1 ec t r i o breakdown current L ^ . When the 
dielectric breakdown current. I M Clows, the MOS capacitor is 
broken. Even iC the did. octr ic breakdown -current does not Clow, 
the characteristics of the MOS capacitor change if the tunnel 
current I flows. 'Che more the tunnel current flows, the more 
the characteristics of the MOS capacitor arc affected. 



such as shown in Figs.2A and 2H is patterned, a charge-up of the 
layer LOG occurs if positive and negative charges incident upon 
t h e 1 a y e r 1 0 6 a r e u n b a I a n o e d . T h e w i r L n g 1 a y e r I 0 6 t o b e 
processed is electrically connected to tine gate elec t rode 103 so 
that the gate electrode 103 and wiring layer 100 have a 
different potential from the semiconductor substrate 103 . 



104 over the semiconductor substrate 101, whereas the gate 
electrode 103 has only the thin gate insulating film 102a over 
the semiconductor substrate 101. As a result, as the voltage 
between the semiconductor substrate 101 and wiring Layer 1 0G 
rises, a tunnel current flows mainly between the gate electrode 
103 and semiconductor substrate 101 via the gate insulating film 
102a . 



the wiring layer 1 0B to the area Ag of the intrinsic gate 
electrode, t ho more t lie tunnel current Clows via the 1 gate 
insulating film 102a. Accordingly, if the i incident positive and 



Wlii I o t he wiring 1 aye r 



i)f] hav i ng an an t. enna 



s t rue ture 



T h e w i r i n g la y e r LOG h a s t h o 



thick oxide (dims 102 and 



'Che larger the ratio (antenna ratio) of the area Af of 
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negative charges are unbalanced wh i 1 e a wiring layer having a 
large antenna ratio is etched, the insulating gate structure 
f a c i I e 1 y c h a n g e s i t s c h a r a c lerist i c s . 

Fig. 2D is a schema t i c cross sectional view explaining 
a process of etching a gate wiring Layer. In etching a gate 
wiring layer, in many cases different types of wirings are also 
etched w i t h o u t e t c h i n g o n 1 y t h e ga t e w i ring-. A p h o t o resi s r. 
pattern 110 is formed on the wiring layer 1.00 formed over- the 
whole surface of the inter layer insulating film 104. By using 
the photoresist pattern 110 as an etching mask, the wiring layer 
10 6 is e t. c h e d . 

At the initial stage of the etching process, it is 
common that some part (e.g., a scribing area) of the wiring 
layer 106 is in electrical contact, with the semiconductor 
substrate 10.1. An etching rate lowers at the region having a 
h i gh p a t; t e r n d e n s i t y b e c a u s e o f t h <e m i c r o 1 o a d i n g c f f e e t . Asa 
result, even if the etching is completed at the region having a 
wide pattern pitch, it still continues at the region having a 
narrow pattern p i tch . 

Under such conditions, as shown, in Fig. 1^0, the wiring 
1 ay e r c o n n e c t e d t o t h e ga t e e 1 e c t r o d o 1 0 3 i s c o n n e c t e d t o 
adjacent wirings and is electrical ly separated from outer- 
wirings. That is to say, the wiring layer 106 shown in Fig. 2D 
is electrically separated and connected only to the gat' -4 
electrode 103. If there is any imbalance between positive and 
negative charges incident upon ; he wiring layer' 106, a charge-up 



of t h e w i ring- la y o r 1 0 6 o c e u r s o a si 1 y . 

When the potential of t ho wiring layer 1 06 and hence 
the gate electrode takes a value equal to or larger than a 
certain value relative to the semiconductor substrate 101, a 
tunnel current starts flowing via the gate Insulating film 102a. 

1 f t h e am o unts o f positive and no ga t i v e c h a r ge s 
incident upon the wiring layer- 1 06 having the flat surface such 
as shown in Kig.2A are equal , there is no imbalance between 
charges. However, if the wiring layer is covered with the 
photoresist pattern as shown in Fig. 2D and there is an imbalance 
between positive and negative charges incident upon the wiring 
layer 106 via openings of the photoresist pattern 110, a charge - 
up occurs . 

Even if the amounts of positive and negative charges 
incident upon the flat surface are equal, if the distributions 
of angles o f i no i d e n t charges a r e d i f f e r e n t , t h o vv i ring: layer 
106 is charged up to the polarity of vertically incident charges 
having a larger amount, because obliquely incident charges are 
1 i k e 1 y t o b e t r a p p o d b >• t he p h o t o r osi s t p a 1 1 o r n 1 1. 0 . 

1 n t h e o a s e o f K i g . 2 1) , t ho a r e a A f o f t h e w i r i n g lay e r 
wh i c h is a r e f e r e n c e a r o a o f t h e an to n n a ratio, is t h e a r e a 
exposed by the openings in the photoresist pattern 110. When a 
wiring layer having a large antenna ratio is etched, an 
amplified current flows through the gate insulating film 102a so 
that the characteristics of the Insulating gate structure change 
f ao i lei y . 
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Figs.oA and 3B schema t I ca 1 J y show an oxporimontal 
sample formed by the present inventors while taking' the above- 
do scr i bee v i ewpo i n t into eons i de ra t i on . F i g . 3 A i s a s ohema tic 
plan view showing - one unit of an experimental sample, and Fig.3B 
is a schematic cross sectional view showing part of the 
exper [men ta I samp J e . 

As shown in Fig.3A, a conductive pattern 20 is formed 
on the surface of a semiconductor substrate with an insulating: 
film being interposed therebetween. The conductive pattern 2 0 
has a ga t e p a r t. 2 0 a c o u p 1 i n g v i a a thin ga t e f i 1 m t a t h e 
semiconductor substrate and a wide antenna part 20b disposed on 
a thick oxide film. 'faking the above-described viewpoint into 
cons i de ra 1 ion, t he p re sen t invent o r s f o rrned a p 1 u r a 1 i ty o f 
r e sist pat t e r n s h a v i n g" d i f f e r e n t |:i a 1 t e r n p i t. ch e s o n t h e 
con due t i ve pat t ern 2 0 . 

Fig. 315 is a schematic cross sectional view of an 
experimental sample. An oxide film 2 is formed on a 
semiconductor substrate 1. The oxide film 2 is constituted by a 
thin gate oxide film 2a formed on the gate and a thick field 
oxide film 2b formed on other- areas. 

The conductive pattern 20 shown in F i g . 3A is formed on 
the oxide film 2. A resist pattern 21 of striped insulating 
resist is formed on the conductive pattern 20. The conductive 
pattern 20 is separated and insulated from the semiconductor 
substrate 1 by the oxide film 2. 

A plurality of samples having resist patterns 21 of 




different aspect ratios wore forme.]. Specifically, a sample of 
an aspect ratio of 0 without the resist pattern 2 1 , a sample of 
a n a s p e c t r a t i o o f a b o u t 0.7, a r id a s ; i rn p 1 e a f an a s p e c t ratio of 
about 2 were mainly used. The resist pattern width and space 
were set to about. 0.7 cm and the heights were set to 0.5 cm and 
1 . 6 cm . 

The ga t e oxide film 2a surrounded by the field oxide 
fi 1 in 2b had a fi Im thickness of about 8 rim and an area of 1 x 1 
cm, and the area of the antenna part 20b was set to about lxl 
mm. The so-called antenna ratio was 1,000,000. 

These samples having- the antenna structure with and 
without a resist pattern were placed in plasma which had been 
u n 1 f o r m i z e d b y m ■ ? a s u r i n g a f 1 a t b an d v o Ita^c , an d dam a g e s i n 
antenna structures without resist pattern. Plasma was an ECR 
plasma, and rf bias of 2.3 W/enr was applied. 

The samples were exposed in the plasma for about 30 
sec to measure damages. Kig.4A is a graph showing the 
experiment results. As seen from the graph, the sample having 
an aspect, ratio of 0 without, a resist pattern scarcely showed 
destruction of the MOS gate oxide, which substantiated a 
conventional method of preventing damages by using uniform 
plasma. In other words, it can be said that uniform plasma was 
gene r a t ed . 

As the aspect rat io is increased to about 0.7 and to 
about 2.0, the gate destruction rate or the damage increases 
con s i d e rah 1 y . This phe nome nor, i nd i ca t e s that t he r e a re damage s 
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which cannot; bo prevented by a so-oal led uniform plasma. 

As apparent from Fig.4A, damages are generated even in 
the plasma which has no problem of non-uni lornii ty from the 
viewpoint of a conventional judgement, criterion. The 
destruction rate bee am e 1 a r g e r t h e m o r e t h e resist pat t e r n 
becomes h i gh . 

It is conceivable that the same amounts of ion 
positive charges and electron negative charges reach an antenna] 
conductor without a resist pattern. This proves a conventional 
understanding that damages arc not generated in uniform plasma. 

However, if a resist pattern is present, it can be 
hypothesized that charges are accelerated by a substrate R F bias 
generaLly in the direction perpendicular to the substrate, and 
ions are incident upon the antenna conductor whereas part of 
electrons having larger lateral speed components by scattering 
c o 1 lid e w i f h the r e s i s t p a 1 t e r n a n d d o r i o t r e a c h the a nten n a 
con due to r . 

It can be said from this that excessive positive 
charges become incident upon the antenna conductor and the MOS 
diode connected to the antenna conductor is destructed. It is 
conceivable that the degree of electron shielding becomes 
stronger as the resist pattern becomes higher, logically proving 
the experiment results shown in Kig.4A. 

The experimental samples were designed so as to make 
clear from the experiments that damages can be generated when a 
wiring Layer is etched non-uni fonnly even if uniform plasma is 




used. Th i s design is based upon :i damage phenomenon 
experimental ly discovered by the inventors. 

The damages were found only on a wiring- pattern having 1 
narrow spaces. The damages generated by etching: the wiring- 
layer were not largely dependent, upon an ove retching time. 
Damages were not likely to be generated at the initial stage of 
etching. These {'acts show thai t he damages must have 
been generated during a certain period near the end point of 
etching . 

In etching an aluminum alloy, an etching speed lowers 
a t the w 1 r i n g p a 1 1 e r n h a vin g a n a r r o w s p a c e , t h 1 s b e i n g a rn i cro 
loading effect. Accord i ng 1 y , if a i.attern having both areas of 
wide and narrow spaces is etched, although the wiring area of a 
w i d e s p a c e h a s b e e n e t c h e d c o nip 1 e I o 1 y , the a r e a o f <• i n a r r o w 
space still has an unetchod conductor which is connected in some 
cases to the gate electrode. 

This conductor is in many cases separated from other 
conductors because the area of a wide pitch has been etched 
completely. As a result, i f there is an imbalance between 
incident positive and negative charges, an excessive voltage is 
applied to the gate electrode. 

This conductor is of: en connected to the substrate via 
a scribe line or* the like at the initial stage of etching when 
the conductor spreads ever the whole surface of the substrate. 
In such a case, the substrate is maintained to have the same 
potential as the conductor' so *. hat there is no potential 
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difference across the gate insulating- film. Under" this 
condi t i o n , d a m a g e s c a n n o t b e g c r 1 e rat 06 . 

Kven if the subslraio is not directly connected to the 
conductor, if the conductor spreads over a Large area, the 
potential of the conductor is averaged so that a large potential 
difference between the conductor potent iai and substrate 
potential i s hardly generated . 

Fig.4B is a schema t i o cross sectional view explaining 
the above-described circumstances. In etching an aluminum 
alloy, an etching speed lowers at the pattern having a narrow 
mask space, this being a micro Loading effect. Accordingly, 
there occurs a case that although the conductor at tiie area of a 
wide wiring space has been already removed, the area of a narrow 
wiring space still lias an uuetehed conductor. 

In such a case, the gate electrode is connected to 
several conductors near the gate electrode, and separated from 
other conductors remote from the gate electrode. F\ig.4B shows 
such a erase . 

An insulating layer 2 is formed on a semiconductor 
substrate 1, and a gate electrode Layer 3 is formed on the 
insulating layer' 2. The surface of the gate electrode layer 3 
is covered with an inter layer- insulating film 4. A via-hole is 
formed on the gate electrode layer 3 /it a local area thereof, 
the gate electrode layer 3 being connected to a wiring layer 6 
v i a the via- ho 1 e . 

The wiring layer (• is first deposited on the whole 
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surface of the substrate, and then patterned by using- a 
photoresist film 9 as the etching mask. In Kig.4B, only the 
wiring" layer 6 portion just above the gate electrode layer 3 and 
t h e a d j a c e n t wiring 1 a y e r p o rt ions a r e c o n n e c t e d tog e ther . 

The patten space between the photoresist patterns 9a, 
9b, and 9c is narrow. Accord i ng i y , trie wiring* Layers G between 
the photoresist patterns remain unetched because of the micro 

1 oa d i n g e f f e e t e v e n i f t h . i w i r i n g 1 ay e r G o u t s i d e < ) f 1 1 i e s e 
photoresist patterns has been completely removed. 

1 on positive charges 10 and electron negative charges 
11 are incident upon the wiring layer 6. There are a number of 
electrons having the lateral direction components because of 
scattering. As a result, there are a number of electrons 
incident upon the side walls of the photoresist Layer 9, whereas 
ion positive charges incident upon the wiring layer' G are 
greater than o Leotron negat i vo charges . 

Accordingly, posi tive charges flow more than negative 
charges into the ga t e e I e o t r o d e 1 a y e r 3 c o n 1 1 e c t e d t o the wiring 
layer 6 so that the gate electrode layer :\ is charged to a 
positive polarity. When a charged potential exceeds a certain 
value, a tunnel current and dielectric breakdown discharge at 
the gate insulating film 2n start and the gale insulating film 

2 a is do s t rue t e d . 

It can be said that the experimental results shown in 
Fig.4A substant iate * he above - desc r i bed model . The experimental 
samples were structured as shown in K i gs . ;<A and 3B for the 




simplicity purpose. The structures of three samples are 
detailed in Figs. 5 A to 5 D . 

FLg.5A shows a samp 1 o having 1 an aspect: ratio of 0. 
Formed on a semiconductor substrate 1 are a gale insulating film 
2a and a field insulating film 2b extending from the gate 
insulating film 2b. A gate electrode layer 20 is formed on the 
gate insulating film 2a and field insulating film 2b. No 
photoresist layer is formed on the gate electrode layer 20, 
providing an aspect ratio of 0. 

In the sample shown In Fig.oB, a gat-- electrode layer 
20 has the same structure as the sample shown in F i g . 5A . A 
striped resist pattern 21 is formed on the gate electrode layer 
20, the pattern 2 1 having a space of 0.7 Mm and a width of 0.7 
Mm. The height of the resist pattern 21 is 0.5 Mm, and the 
aspect ratio Is about 0.7. 

In the sample shown in FLg.oC, a resist pattern like 
that shown in Fig.oB is formed. This resist pattern has a 
height of 1.6 Mm. The resist pattern space and width are 0.7 Min 
same as Fi.ff.5B, and the aspect ratio is about 2. 

Fig. 51) is a schematic diagram showing the shape of the 
gate electrode layer 20 exposed under the resist pattern. 

ions and electrons in a plasma state are present on 
the surfaces of the samples. It is assumed that ion positive 
charges are incident upon the surface generally in the vertical 
direct ion and electron negat i ve charges are incident obi iquely 
upon t he sur face . 
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In tho case of tho a spool ratio of 0 shown in Fig.5A, 
the same amounts of ions ami electrons arc incident upon the 
gale electrode layer 20. In tho cases of Rg's.oH and f>C , some 
of oblique electrons are ineLdem upon the side walls of the 
resist p a 1 1 o rn 21 a n d t r a p p < c d 1 1 1 e r e a t . 

On the other hand, ion positive charges moving 
generally in the vertical direction through the openings on the 
surface of tho resist pattern 2\ are directly incident upon the 
gate electrode layer 20. Therefore, positive charges Incident 
upon the gate electrode 20 are greater than negative charges. 

A s t he heigh t o f t h e resist pat t. e r n 2 1 i n e r e a s e s , the 
amount of negative charges trapped at the side walls increases 
so that the amount of positive charges incident upon the gate 
electrode la y o r 20 Is g r e a t o r t h a n n o gat i v e e h a r g e s . 

As deser i bed above , an i tuba 1 ance between i nc i dent 
positive and negative charges occurs when a conductive layer 
covered with a fine resist, pattern having a pattern space of 
about 1 Mm or less is etched, if the motion directions of 
charges in plasma is anisotropic even if the plasma is uniform 
on a f 1 at p 1 ano . 

In the above experiments, a striped pattern was used. 
A mechanism causing excessive positive charges duo to electron 
shielding" and causing damages is not limited only to such a 
striped pattern. Kigs.GA and i">M show oilier* mechanisms by which 
damages were found by experiments and to which tho above 
experiment results can bo app I iod analogical ly. 



F i g . 6 A explains an etching- process of contact holes. 
A gate electrode layer' 20 is covered with an interlayer 
insulating- film 22, and a resist pattern 24 is formed on the 
interlayer insulating film 22. The interlayer insulating- film 
2 2 is etched t o f o r m e o n tact h o 1 e s . A 1 though t h e e t c h 1 ng is 
stopped when a wiring layer 20 is exposed, the gate electrode 
1 ay e r 2 0 is i n many e a s e s e 1 e c t r i c a 1 1 y s e p a r a t. e d f r oin o t h e r 
con duo tors . 

When the g-ate electrode layer 20 is partially exposed, 
the etching still continues. In such a case, if there is an 
imbalance between positive and negative charges incident from 
the upper space, an excessive potential is generated at the gate 
electrode 1 a yer 2 0 . 

Fig.GD explains a pi. as ma cleaning process for contact 
h o 1 e s . font a c t holes for in e d b y the p r o c e s s such a s e x p 1 a ined 
with Fig.GA are cleaned by plasma before the contact holes are 
filled with a wiring layer such as metal. 

in s u c h a c a se, the gat e e 1 e e trode I a y e r 20 e x p o s e s in 
the contact ho Los which are surrounded by an interlayer 
insulating film 22. If there is an imbalance between positive 
and negative charges incident from the upper space, an excessive 
potential is generated at the gate electrode layer 20 like the 
case o f V i g . OA . 

It has boon found as described above that damages are 
formed in a semiconductor device i I' the etching is performed by 
using an insulator as a plasma etching mask and by using plasma 




having: a distribution of different directions of motions of 
positive and negative charges. It can be therefore thought of 
the following methods explained with Figs.lA to ID as a means of 
p revent J rig damages . 

Th e me t h o d t o b e e x p 1 a i n e d w i t h F i. g . 1 A u s e s a 
conductive material as an etching mask. An insulating film 2 
such as Si 02 is formed on the surface of an Si substrate 1, the 
insulating film 2 including a gate insulating film 2a and a 
field insulating film 2b. A gate electrode layer 3 is formed on 
the insulating film 2. The surface of the gate electrode layer 
3 Is covered with an inter layer insulating film 4. 

A c o n t a c t h o 1 e 5 is f o r m e d i n t h e 1 n t e r 1 ay e r 
insulating f i 1 m 4 t o e x p o s e t he gat e e 1 e c trod e 1 ay e r 3 . A 
wiring layer 6 is formed on the interlayer insulating film 4 and 
connected to the gate electrode layer 3 via the contact hole 5. 

A n a m o r p h o u s c a r b on ( a - C ) I a y or 7 a s a c o n d u c f i vc mask 
layer is formed on the wiring layer b. 

A resist layer is coated on the a-C layer' G and 
patterned to form a resist mask. By using the resist mask as an 
etching mask, the a-C Layer 7 is patterned. At least at the 
last stage of the etching, the resist layer on the a-C layer 7 
is r e mo v e d t o e xpose t h e ; i - C 1 a y o r 7 . 

Since this; etching mask is conductive, all charges 
incident upon the etching mask flow to the wiring layer* 6. As a 
result, so long as uniform plasma is used, positive and negative 
charges incident upon the wiring layer 6 and a-C layer 7 can be 




balanced . 

Th e m o t h o d t o b o e x p 1 a i n e d with Fig*. IB uses a n 
insulating: mask 13 as an etching mask by selling the thickness 
thereof to a predetermined value. The insulating mask 13 is 
t hi 1 n nor t h a n a s p a c e of an oponin^ 8 b e t w e e n p a ttcrns, a nd is 
set to a half of tin 1 space or thinner. Accordingly, even if 
electrons 11 are Incident obliquely, the possibility of 
incidence of electrons upon the insulating mask 13 is very low. 

The method to be explained with Fig.lC controls the 
plasma conditions so as to make the amount of positive charges 
equal to the amount of negative charges and make them incident 
in the vertical direction. i-von if the etching is performed by 
forming a resist mask 9 on a wiring layer 6 in a conventional 
manner, if ions 10 and electrons 11. of the same charge amount 
are incident in the vertical direction, there is no charge-up of 
the wiring layer- 6. thereby prevent ing damages. 

in order to make Ions and electrons of the same charge 
amount incident in the vortical direction, it is effective that 
uniform plasma is first generated in a conventional manner and 
then an RF bias having a low frequency of 1 MHz or lower is 
used. It is also effective lo generate a cusp field by using a 
divergent magnetic field ami an auxiliary magnetic field. It 
is also effective to generate a mirror field by using a 
divergent magnetic field and an auxiliary magnetic field. 

Fig. ID shows tin? structure which makes the gate 
electrode and the wiring layer' connected to the gate electrode 



hard to be cJcclr icaLly separated from the substrate even at the 
last stage of etching:. 

A w [ring - la y e r G is directly e o r t n e c t. e d t a a n S i 
substrate 1 at a substrate contact of a ground wiring or the 
like. If a gate electrode layer :? is separated from the wiring 
1 aye r 6 , d ama ge s a r e ge n e r a t e d . 

The phenomenon is positively used in which the etching 
is not completed at the area having a narrow pattern pitch and 
the etching is completed at the area having a wide pattern 
pitch. Both t hi e w i r i n g 1 ay e r G d i r c 1 1 y c o n n e e ted t o t h e 
substrate at a scribe line or the like and the gate electrode 
layer 3 are formed so as to have a predetermined narrow pattern 
pitch. 

I f t h e wide a r e a h a v i n g a w i d e p a 1 1 e r n pit c h i s 
present in the wiring layer G and gate electrode layer 3, a 
dummy wiring layer is formed in t.ce wide area so as not to form 
the area having a wide pattern pilch. The above-described 
met hods w i I 1 be de ta i 1 ed i n the fo 1 1 ow i ng . 

Figs.TA to 71) and Kigs.8A to SI) are cross sectional 
views showing the main processes of a method of manufacturing a 
scmicon d u e t o r d e v i e e a c c o r d i n g t o a : i e m b o d i m e r i t a f t h e 
i riven t i on . 

K i gs . TA illustrates a step of forming an oxide film 2 
on an Si substrate 1. The surface of the Si substrate 1 is 
ox i d i zed , for examp 1 e , t o abou t f> nm . A s i 1 i con n i t r i de f i 1 m i s 
deposited on the Si substrate 1 to a thickness of about 115 nm. 
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and patterned to leave it only at the area where a field oxide 
film is not formed. Impurity ions are doped and thermally 
diffused to form a we 1 i if necessary. Channel stop impurity 
ions are doped . 

By using: the pat to rned s i 1 i eon n i t r i de f i 1 m as an 
an t i ox i da t i on mask, a field oxide film 2b is formed to a 
thickness of about 850 nm through selective oxidation of 
hydrogen burin n g o x i d a lion. T h e r e a f t e r , t h o s i 1 i c o n n i t r i d e 
film used as the ant ioxida t i on mask is removed. 

Next, in a dry oxygen atmosphere, a sacrificial oxide 
film is for m e d to a I h i c k r i o s s of a b o u t 1 5 run a l 1 1 \ o a o t i v e 
region, and impurity ions are doped for controlling a threshold 
value (Vth) of a MOS transistor. Next, the sacrificial oxide 
film is removed by diluted HF aqueous solution. A gate oxide 
film 2a is formed to a thickness of about 8 nm on the exposed 
a ctive r e g i o 1 1 o f t h e S i s u b s t r a to, thro u gii oxid a tion in a d r y 
oxygen atmosphere. In the above manner, the oxide film siiown in 
Fi g. 7 A is formed . 

As shown in Fig.7B, a gate electrode layer is formed 
on the oxide film 2, patterned to form a gate electrode 3. More 
in detail, an amorphous s i 1 i oo:i film is deposited to a thickness 
of about 50 nm and a tungsten silicide film is deposited to a 
thickness of about 150 nm , by CYD . Impurity ions are doped in 
the gate electrode film formed in this manner'. A cap oxide film 
is formed on the gate electrode film to a thickness of about 60 
nm by low pressure CYD . The c.ip oxide film and gate electrode 




film arc patterned to form the gate electrode 3. 

After the gate electrode 3 is patterned, impurity ions 
are doped into source/drain (S/i)j regions at the back and front 
sides of the drawing; sheet of Fig.Tli Lo form S/D regions. 

Alternatively, in forming' the S/D regions, FDD regions 
are first formed by lightly doping impurity ions, an oxide film 
is grown by low pressure CVD , side wall spacers are formed by 
anisotropic etching, and impurity ions for forming the S/D 
regions are doped and activated through rapid thermal annealing 
(RTA) at 1000 3 C to form the S/D regions. 

In order to reduce the resistance of 4 the gate 
electrode, metal si 'lici.de may be formed by self alignment, 
(salici.de) if necessary. For example, a Ti film is deposited to 
about 30 nm and reacted with Si in the active region by thermal 
process to thereby form a TiSi film. 

After' the gate electrode : j > is formed in the above 
manner, an inter layer insulating film 4 is formed by CVD . As 
the inter layer insulating film, a composite film such as a 
silicon oxynitride film and a spin-on-glass (SOG) film formed by 
plasma CVD may be used. 

As shown in Fig.TC, a resist film via is formed on the 
i n ter layer insulating film 1, exposed and developed to form an 
opening ~>a for a contact. Mole. Hy using the resist film 9a as 
an etching mask, the inter layer insulating film 4 is etched to 
form a contact hole ." which passes through the i nler layer 
insulating film 4 and exposes the gate electrode 3. 'thereafter, 




the resist film 9a is removed through ashing- or the like. 

As shown in Fig.7D, a wiring- layer 6 is deposited by 
sputtering on the inter la\er insulating film 4 having the 
contact ho le 5 . The w i r i ng 1 aver G 1 s , for exainp 1 o , a Laminated 
layer of a barrier metal laminated layer of a Ti layer of about 
20 nm and a Ti.N layer of about f>() run and an Al layer of about 1 
um sputtered on the barrier metal laminated layer. An amorphous 
carbon (a-C) film 7 is formed on the wiring layer' 0 by 
sputtering o r p 1 a s m a e n h a n c e d C VI). 

Thus, in the structure shown in Fig.7D, the field 
oxide film 2 b is formed to define the active region on the 
surface of the Si substrate 1, and the gate oxide film 2a is 
formed above the channel region in the active region. The gate 
electrode 3 is formed extending from the gate oxide film 2a to 
the field oxide film 2b. However, at this stage, the antenna 
ratio of the gate electrode layer 3 has still a low value. 

On o p p o s i t e sides o f the ga to el e ctro d e 3 in the 
vertical direction of the drawing sheet, the source and drain 
regions of a MOS transistor are formed. The wiring layer 6 
connected via the contact hole 5 to the gate elect rode 3 is 
formed over t lie whole surface of t lie substrate, and has a large 
a n t e n n a r a t i o o f 1 0 o r 1 a r ge r . I\ v e n a f t e r t h e w i r i n g I. ay e r 6 i s 
patterned, the antenna ratio may have a very high value 
depending upon the length of the wiring layer. Kor example, the 
antenna ratio is 1 no or larger, in one case, 1000 <>r larger, and 
in another case, 10000 or' larger*. The a-C layer 7 has a 
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thickness of, for example, about. 0.2 \n\\ and can be? regarded as 
an appropriate conductor with respect to a charge -up. 

Next, as shown in Fig.SA, a resist layer' 9 is coated 
on the a-C layer 7, and exposed and developed to form a resist 
pattern 9 wh i c h has a rn i n i rn u m pa 1 1 e r n s pa c e o f a b o u t 0.8 \x m . 

As shown in Fig. 813, by using the resist pattern 9 as 
an etching mask, the a-C lave?" 7 is selectively etched by plasma 
containing CF., . After the a-C layer 7 has been selectively 
etched, the wiring layer G of aluminum alloy is etched by about 
0.9 jam by plasma containing chlorine. 

A t t h i s st age , t h o w i r ing L ay<? r 6 at the etc he d 
portion still has a thickness of about 0.1 uin so that the wiring 
layer 6 is electrically conductive over the whole surface of the 
substrate 1. As a result, even if there is a local imbalance 
between positive and negative charges incident upon the wiring 
layer G, the potential of the wiring layer G as a whole is 
maintained stable. 

After most of the wiring layer 8 has been etched, the 
resist layer 9 is removed by oxygen plasma down- flow. The 
oxygen plasma down-flow has an excellent selectivity of etching. 
I t is p o s s i b 1 e to etch t h e r e sist 1 a y e r 9 a n d 1 e a v o the a - C 
L ay e r 7 une 1 ched . 

Next, as shown in Fig.SC, by using the a-C layer 7 as 
an etching mask, etching the wiring layer f> continues. For 
example, t he etching is completed by plasma containing chlorine. 

At the stage shown in Fig.SC, the etching mask 
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covering the wiring: layer G is the conductive) a-C layer 7 so 
that charges incident upon the a-C layer 7 can flow to the 
wiring Layer 6. If the pLasrna is maintained uniform, charges 
are not accumulated in the wiring layer 6 and gate electrode 
layer 3. 

After- the wiring layer G has been completely etched, 
the a-C layer- 7 is removed by using oxygen piasma. Fig.8D shows 
the state of the wiring layers Ga and Gb after* the completion of 
etching . 

At the etching process of Fig.8B, electrons incident 
upon the resist Layer 9 are shielded so that an imbalance is 
generated between positive and negative charges incident upon 
the wiring layer G and gate electrode layer 3. However, local 
imbalances are averaged as a whole and neutralized because the 
wiring layer G is maintained conductive over the whole surface 
of the substrate . 

As a result, the etching process of Fig. 813 does not 
generate any damage. However, if the area having a wide mask 
pitch of the wiring layer G lias been etched completely, the 
wiring Layer G is separated into each pattern allowing a charge - 
up to be generated. From this reason, it is necessary for the 
etching of Fig.8B to stop before the wiring layer G is separated 
i n to each pa t te r n . 

At the last stage of etching, the device takes the 
state shown in Fig. SC. Therefore, oven if electrons are 
incident upon the side walls of the a-C layer 7, the electrons 




flow from the a-C layer 7 to the wiring: layer 6 to neutralize 
ions incident; upon the wiring layer 6. 

As described above, damages to be caused by the 
electron shielding by the insulating: mask can be avoided by 
using a conductive a-C layer- as an etching auxiliary mask. 

The resistivity of an a-C film sputtered to a 
thickness of about 0.5 win under' the conditions of 10 mTorr and 
1 . 5 kW was measured . I t was about 0 . 25 Hem . 

Current generated by charged particles of plasma is in 
the order of about 10 mA/ciii 2 , and its instantaneous maximum 
value may be in the order of lA/crrr . If an a-C film having the 
resistivity of about 0.25 £"2 cm and the film thickness of 1 um is 
used as a mask, a potential difference in the film thickness 
direction is about 25 yV which is sufficiently small for 
preventing damages . 

If a potential difference in the order of IV Is not 
present, damages of a gate insulating film will not be 
generated. Therefore, if a conductive film having a thickness 
of 1 Mm is used, it can be used as a conductive mask under the 
conditions that it has a resistivity of about 10 4 Ocm or lower. 

Another method may be thought of in which the 
thickness of a resist; pattern is reduced so that the resist 
pattern is removed during etching to automatically expose a 
conductive pattern. This method is however not preferable from 
the viewpoint of maintaining a pattern precision. 

The reason for this is that lateral etching occurs at 




the upper end portion of an etching mask, generating a so-called 
off-set. If etching continues until the resist pattern is 
completely removed, the off-set progresses further and the 
resist pattern is deformed. 

In the processus of Kigs.SA to 80, the main portion of 
etching, particularly the former half stage thereof, has been 
performed by using the resist mask as the caching mask. If the 
conductive mask has a sufficient thickness, the resist mask may 
be removed before etching the wiring layer. 

Figs. 9 A to 9D are cross sectional views explaining the 
processes of a method of manufacturing a semiconductor device 
according to another embodiment of the Invention. Similar to 
Fig.8A, the device shown in Fig.9A has an a-C layer 7 formed on 
a wiring layer of aluminum alloy or the like. In this 
embodiment, the thickness of the a-C layer 7 is set to about 0.7 
Mm, and the other structures are similar to those of F i g . 8 A . 

As shown in Fig.9B, by using a resist mask 9, the a-C 
layer 7 is selectively etched by plasma containing CF-i . 
Thereafter, the resist mask is removed by oxygen plasma down- 
flow. Fig. 913 shows the device after the resist mask has been 
removed . 

Next, as shown in Fig.9(\ by using the a-C layer 7 as 
an etching mask, the wiring layer B of an aluminum alloy is 
etched by p 1 asma conta i n i ng ch 1 or inc. 

At the e telling of Fig.SC , the etching mask is the 
conductive a-C layer 7 so that charges incident upon the side 



walls of the 
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he w i ring' 1 aye r 6 



and neutralize? ions incident, upon I he wiring- layer 6. 

If the plasma is maintained uniform, the amounts of 
positive and negative charges incident upon the a-C layer 7 and 
wiring layer G are generally same as a whole so that a good 
balance is maintained and damages are difficult to be generated. 

As shown in Fig. 91), after the wiring layer G lias been 
etched, the a-C film 7 is removed by plasma containing oxygen. 

Oxygen plasma down- flow used for removing the resist 
on the a-C layer is suitable for selective etching because the 
etching speed of the a-C layer is low. If CF 4 Ls added, the 
ashing speed o f the r e s i s t i s r a i s e d . 

Damages by plasma etching are generated when electrons 
incident upon the insulating resist mask on an electrically 
separated conductive layer are trapped by the resist mask. 

1 f a n e t c h i n g ma s k c a n b e ma d e s u f f i c i e n t L y thin, the 
amount of electrons incident upon the side walls of the etching 
mask is reduced correspondingly and the degree of damages is 
alleviated. 

Figs. 1 OA to IOC are cross sectional, views explaining 
the processes of a method of manufacturing a semiconductor 
device according to another embodiment of the invention. 

Referring to Fig.lOA, similar to the above-described 
embodiment, an insulating film 2 is formed on the surface of an 
Si substrate 1. A gate electrode layer 3 and an intcrlayer 
insulating film 4 are formed on the insulating film 2. A wiring 
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Layer 6 of aluminum alloy is farmed to a thickness of, for 
example, 1 tun on the inter layer insulating film 4 and the gate 
electrode layer 3 exposed by an opening 1 5. 

An Si0 2 film 13 having a thickness of, for example, 
about 0.3 Mm is formed on the wiring layer 6 by plasma CVD . A 
resist layer is coated on the SiOi film .13 to form a resist 
pattern 9 having a minimum mask space of 0.8 mid. 

By using the resist pal tarn 9 as an etching mask, the 
Si0 2 film 13 is selectively etched by plasma containing CF 4 . 
After the SiCU film 13 has been etched, the resist pattern 9 is 
removed by oxygen plasma. If the resist is removed and the a-C 
film is left., it is preferable to use plasma down- 1' low which 
provides good selectivity. ilowever, in this embodiment, the 
underlying layer is SiO* so that oxygen plasma is used. 

Fig.. LOU shows the device with the resist pattern being 
removed. An etching mask 13 of the SiO a film is being formed on 
the wiring layer 6. The openings of the mask 13 have a width of 
about 0.8 urn and a height of about 0.3 urn. The area of the 
wiring layer 6 exposed in the openings is considerably large as 
compared to the side wall area of the Si0 2 film 13 exposed in 
the same open i ng . 

As shown in Fig. IOC, by using the SiO a film 13 as an 
etching mask, the wiring layer 15 of aluminum alloy is etched by 
plasma containing chlorine. In i fortuity of the plasma is ensured 
at the surface of the SiO- film 13 so that the amounts o f 
incident positive and negative charges are equal and the charges 




are neutral j zed . 

Although the balance between electrons and ions 
incident upon the side walls of the SIO- fiLm 13 is not ensured, 
the thickness of the S i 0 a film is thin so that the imbalance 
between charges is small. As a result, the imbalance between 
positive and negative charges incident upon the wiring layer 6 
under the SiO- is also small. 

It is conceivable that the electron shielding is 
alleviated by reducing the height of the mask and that micro 
loading effect, is also alleviated by reducing the height of the 
open i ngs . 

Fig. 11 is a schematic cross sectional view of a plasma 
etching system which is used for explaining plasma etching, 
according to an embodiment of the invention. A hermetic plasma 
chamber 31 is provided with a gas inlet port 32 and a gas 
exhaust port 33. The gas inlet port 32 is connected to an 
etching gas source, and the gas exhaust port 33 is connected to 
a gas exhausting apparatus. 

A plasma generating chamber 35 is coupled to the 
plasma chamber 31 at its upper position, and is communicated 
with a microwave guide tube 34 via a hermetic window. A main 
coil 3G is disposed around the plasma generating chamber 35 to 
generate a divergent magnetic field in the chambers 31 and 35. 

Wh i I c a micro wave is introduced from the microwave 
guide tube 34 to the plasma generating chamber 35, a magnetic 
field is generated in the plasma generating chamber by the main 
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coil 3G so that an KCR plasma : f a desired shape can be 
generated in the plasma general ing chamber 35. This plasma 
moves to the plasma chamber 31 and collides with a substrate 
placed on a su seep tor 41 . 

An outer- coil 38 and an inner coil 39 of a ring: shape 
are disposed under the susceptor 41, the susceptor being- 
connected to an RF bias source 42. 

The conditions of setting- the same amount of ions and 
electrons moving' in the direction perpendicular to the substrate 
were obtained by using: the divergent magnetic field type IiCR 
plasma etching: system described above. Specifically, a number 
o f s a m p 1 e s h a v i n g a d e rise sir i pod p a 1 1 e r n w i t h a p a 1 1 e rri s p a c e 
of 0.8 am were formed on a substrate, and the substrate was 
placed on the susceptor to detect the generation of damages. 

A number- of MOS capacitors having an antenna with an 
antenna ratio of 10 t! were formed on the substrate, and the 
antenna conductor of aluminum alloy was etched by a mixed gas of 
Cl 2 + BC1 3 at a pressure of 0.G Pa. Table 1 shows the 
generation of damages formed by the divergent magnetic field 
type ECR plasma etching system. 

The RF bias frequency used was typically 13.5(5 MHz and 
400 kHz, and current flowing through the coils 38 and 39 were 
changed. The coil 38 generates a cusp field having a direction 
opposite to the magnetic field generated by the main coil 3G , 
and the coil 39 generates a mirror field having a direction same 
as that of the magnetic fie.d generated by the main coil 36. 
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Table 1 



RF bias 
f requency 


Coil 


38 


8 A 


8 A 


OA 


OA 


Coil 


39 


8 A 


-8A 


1 6 A 


- 16A 



13 . 56 


MHz 




Damage 


No 

damage 




Damage 


40 0 


kHz 




No 

damage 


No 

damage 


No 

d am age 


No 

damage 



As seen from the experiment results shown In Table 1, 
damages were reduced and good results were obtained at a low RF 
bias frequency . 

Damages were reduced depending upon the conditions of 
the magnetic fields generated by the coils 38 and 39 even at a 
high RF bias frequency. Similar dependency was aiso confirmed 
by the evaluation of threshold values Vth of MOS transistors 
having the same antenna structure. 

As described previously, it is conceivable that 
damages are generated because electrons are difficult to reach 
the conductor between antenna patterns resulting from the micro 
loading effect and consequently ion positive charges become 
excessive. The micro loading effect was substantially not 
changed even if the RF bias frequency is lowered, so that it 
can be supposed that the dynamical state of electrons changes 
with a change in the RF bias frequency. 

It can be assumed l here fore that by lowering the 
substrate bias frequency, preferably to 1 MHz or lower, 
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electrons are accelerated toward the substrate and the amount of 
electrons shielded by the resist pattern reduces. 

Plasma non-uniformity as conventionally defined is not 
present even if the divergence magnetic field type ECR etching: 
system is operated at the RF bias frequency of 13.56 MHz. 

It is eonce i vab.l e that the same tendency as above is 
satisfied by using helicon plasma, inductively coupled plasma, 
transformer- coupled plasma, or DFCR plasma. 

It is conceivable that damages can be suppressed by 
setting- a bias frequency to about 1 MHz or lower if a substrate 
is exposed by plasma generated by such high density plasma 
sources and applied with an RF power from the lower position of 
the substrate . 

Fig. 12 Is a schematic cross sectional view of a plasma 
etching system which is used for explaining plasma etching, 
according to another embodiment of the invention. This plasma 
etching system has an outer auxiliary coil 38a and an inner 
auxiliary coil 39a respectively disposed at the upper position 
of the plasma chamber 31 and at the outside of the main coil 36. 
The other structures are similar to those of the etching system 
shown i n F i g . 1 1 . 

The conditions of setting the same amount of ions and 
electrons moving, at least near patterns, in the direction 
perpendicular to the substrate were obtained by using the 
divergence magnetic field type FCR plasma etching system 
described above. Specifically, a number of samples having a 
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dense siriped pattern with a paLtern space o f 0.8 mn were formed 
on a substrate to detect the generation of damages. The antenna 
rati o wa s 1 0 s a rn e as the e in b o d i in en t descri b e d w i t h Fig-. 1 1 . 

Th e a n t o n n a conduct o r o f a 1 u rn i n urn a 1 L oy wa s e t c bed b y 
a mixed gas of CI- + HC.1 :J at a pressure of 0.53 l :, a . The bias 
frequency of the RF bias source 42 was set to 400 kHz, and the 
currents flowing through the outer and inner coils 38a and 39a 
were changed. The current forming a mirror field having a 
direction same as the magnetic field generated by the main coil 
is represented as a positive current value, and the current 
forming a cusp field having a direction opposite to the magnetic 
field generated by the main coil is represented as a negative 
current value. The experiment, results are summarized in Table 
2 . 



Table 2 



RF bias 
frequency 


Co i 1 


38 a 


-16A 


-8A 


OA 


8 A 


1 6A 


OA 


Co i 1 


39a 


-16 A 


-3A 


OA 


8 A 


16A 


20 A 


400 kHz 


Damage 


Damage 


Damage 


L ess 
damage 


No 

damage 




1 3 . 56MHz 
















damage 



As seen from the experiment results shown in Table 2, 
damages were reduced and good results were obtained by making 
the outer and inner coils 38a and 30a generate the mirror fieid 
having a direction same as thai of the magnetic field generated 
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by the main coll 3(5 . Plasma non-uii i fonni ty as conventionally 
defined is not present under ai! the conditions shown in Table 
2. It is therefore conceivable that damages are generated 
because electrons are difficult to reach the conductor between 
antenna patterns resulting from the micro loading effect: and 
consequently ion positive charges become excessive. The micro 

Loading effect was substantially not changed depending upon the 
currents flowing through the auxiliary coils 38a and 39a, so 
that it can be supposed that the amounts of ions and electrons 
moving, at least near the patterns, in the direction 
perpendicular to the substrate are made* equal by the mirror 
magnetic field. It is also noted that when the RF frequency is 
as high as 13. 50MHz and the coil 39a allows a current of 20A to 

flow , damages were observed . 

Figs.l3A and 1 3H are plan views explaining a method of 

manufactur ing a semiconductor dev ice according to another 

embodiment of the invent ton. 

Fig.l3A shows wiring patterns to be formed on a 

substrate. A wiring group 5 1 has a high antenna ratio and is 

connected to gate electrodes. 

A p ower source w i r i n g 5 2 is e o nnect e d t o a 

semiconductor substrate or a we 1 i . It is not necessary to form 

any wiring between the wiring group 51 and the wiring 52 from 

the viewpoint of an integrated circuit. 'then, a wide space wil 

be produced between the wirings 51 and 52. 

In such a case, according to a conventional technique 
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the conductor at the wide space between the wiring's 51 and 52 
can be easily etched, whereas the conductors between the wiring 
g r o u p 51 a r e n o t still r e m o v c d e v e n a t t h e e n d o f f h e e telling 
because of the micro loading effect. 

I n s u e h a c a s e , a n i n t o r p o J a t i o n o r d urnm y pattern 5 3 
is formed at the wide space between the wirings 51 and 52 to 
thereby realize a uniform pattern space as much as possible. 
Specifically, the interpolation pattern 53 is disposed so as to 
have the pattern space same as the minimum pattern pitch of the 
wi r i ng group 5 1 . 

The pitch of the wiring group 51, the pitch between 
the interpolation pattern 53 and the wiring group 51, and the 
pitch between the interpolation pattern 53 and the power source 
wiring 52, are made generally equal. As a result, the micro 
loading effects of substantially the same degree are provided 
and the pattern etching speeds are un i form i zed . Accordingly, it 
is possible to prevent a partial cut of a wiring layer and a 
flow of excessive charges into gate electrodes. 

[n the patterns shown in fig.l3B, a signal wiring 54 
is disposed between a wiring group 5 1 having a high antenna 
ratio and a power source wiring 52, and relatively wide spaces 
are disposed on both sides of tin- signal wiring 54. 

Also in this case, inierpolal ion patterns 53a and 53b 
are formed at the wide spaces or. the both sides of the signal 
wiring 54 so as to make i lie area- on the both sides of the 
interpolation patterns 53a and 55b have generally the same 




pattern pitch as that of the wiring group ;> 1 having a high 
antenna rati o . 

Hy forming a pattern layout having uniform minimum 
pattern pitches by inserting interpolation patterns in the above 
manner, it is possible to provide uniform micro loading 1 effects 
and control the time when the wiring group 51 having a high 
antenna ratio is separated from the power source wiring 52 so as 
to coincide with the timing of the end of etching. Accordingly, 
irregularity of charges accumulated in gate electrodes can be 
corrected and damages are suppressed . 

All the above-described embodiments are effective for 
forming a wiring layer, particularly a wiring layer having a 
high antenna ratio. 

Figs.l4A and 14B show an example of a circuit which is 
likely to have a high antenna ratio. Kig.l4A is an equivalent 
circuit of a NAM) circuit. A two- input. NAM) circuit is 
connected between a power source wiring V DD and a ground wiring 
V ss . The sources of two p-channel MOS transistors Qpl and Qp2 
are connected to the power source wiring V D -.>, and the drains 
thereof are connected in common. The drains are connected to a 
serial circuit of two n-ehanno! MOS transistors Qui and (In 2, and 
the source of the n-channol MOS transistor Qnl is connected to 
the g r o u n d w i r i n g V « > :i . 

The w itving for an input signal INI is connected to the 
gate electrodes of the p-channel MOS transistor' Qpl and n- 
channel MOS transistor Qnl. The wiring for another input signal 



-43- 



IN2 is connected to the gate electrodes of the [.-channel MOS 
transistor Qp2 and n- channel MOS transistor Qn2 . 

An output signal OLT is picked up from the 
interconnection point between the drains of the two p-channel 
MOS transistors Qpl and Qp2 and the n-ehannel MOS transistor 
Qn2 . 

The logic circuit of this NAND gate receives input 
signals from a logic circuit, at the preceding stage. The logic 
circuit at the preceding stage is not necessarily positioned 
near the succeeding logic circuit, and in some cases, an input 
signal wiring becomes very long. These cases occur in 
microprocessors, ASIC's (application specific IC's) , ASSP's 
(application specific standard products), gate arrays, and the 
like . 

Counter measures aga i nst damages of general memory 
devices are possible by performing" an antenna ratio inspection 
at the time of designing, and changing the element layout and 
wirings to lower the antenna ratio, insert protective elements, 
and etc. This can be done because design automation is 
relatively at a low degree. 

In contrast with this, an advanced automation by CAD 
has been prepared for logic circuit devices, in the range from 
function and logic design, gate Level design, to layout design. 
Even if an antenna ratio inspection is performed, wiring change 
and insertion of protective elements require a large design 
cost. it is therefore difficult to change device design as 



-44- 




counter-measures against damages of Logic circuit devices. 

Fig.l4B is a plan view showing an example of the 
layout of the NAM) circuit shown in Fig. 14A. An n-we 11 6 1 for 
forming p-channeJ MOS transistors and a p-wei J 62 for forming ri- 
ch a n n e I M OS t r a n s i s t o r s a r e p o s i t i o n e d near e a c 1 i c> t hi e r . Gate 
wi rings 63 and 64 pass over the n- and p-wells 61 and €> li - 

liy using the gate wirings 63 and 64 as a mask, ions 
are doped to form p-type source regions Spl and Spli and a p-type 
drain region Dp in the p-type well 6 2 . Also by using the gate 
wirings 63 and 64 as a mask, ions are doped to form an n-type 
source region Sni, an n-type drain region Dnl, and a 
source/drain region S/Dn in the p-well 62. 

A f irst w i r i n g I a y e r f o r* wirings 6 5 to 70 is f o r rn e d o n 
the surface of the device constructed as above. An inter layer 
insulating film is formed covering the first wiring layer. 
Contact holes are formed in the interlayer insulating film, and 
thereafter a second wiring layer for electrodes 71 to 74 is 
formed. Another inter layer insulating film is formed covering 
the second wiring layer in which contact holes are formed. A 
third w i r i n g 1 a y e r f o r wirings 7 5 t o 77 is fonned on the s e c o n d 
wi ring 1 ayer . 

F o r e x am p 1 e , a f tor t h e gate e I e c t r o d e s 63 and (54 h a v e 
been formed, the first wiring layer is formed with the 
electrodes G7 and 68 being connected to the gate electrodes 63 
and 64. in the example shown in Fig. I4B. the antenna ratio at 
this stage is not so high. However, the wirings 72 and 73 of 
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the second wiring* layer may become very long- depending- upon the 
Layout design. The antenna ratios of I. ho wirings 72 and 73 are 
determined by the exposed surface areas of the wirings 72 and 73 
relative to the intrinsic gate areas of the gate electrodes 63 
and 64. The wiring area connected to the exposed wirings 72 and 
73 functions to raise? the effective antenna ratio until they are 
separ a ted . 

The third wiring layer is formed with the wirings 75 
and 76 being connected via the wirings 72 and 73 to the gate 
wirings 63 and 64. There is a high possibility of forming the 
third wiring layer having a high antenna ratio. The wiring 77 
aiso functions to raise the antenna ratio. 

F ig.15 is a schematic cross sect ion a 1 view showing 
such a multi-Layer structure. The structure simitar to that 
shown in Fig.2A is formed up to a first wiring layer 1<>0 . On 
the first wiring layer 106, there are formed an inter layer 
insulating film 115, a second wiring layer .117, an inter layer 
insulating film 119, and a third wiring layer 120. The third, 
second, and first wiring layers .120, 117. and 106 are connected 
to gate electrodes. 

The above embod i merits are effect i ve part i cu 1 ar ty for 
forming logic circuits. 

The present invention has been described in connection 
with the preferred embod i men 1 s . The invention is not limited 
only to the above embodiments. For example, a gate electrode of 
a MOS transistor or a wiring layer connected to the gate 
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electrode may be formed not. only by poly cry s Lai 1 ine silicon but 
also by refractory metal polyci.de (e.g., a laminated layer of 
polycrystail i ne Si and refractory metal (such as W)>, metal such 
as s i 1 i c i de , or T i N . S i 1 i con may be amorphous si 1 i con duri rig 
the manuf actur i rig process . 

An a-C layer may be etched by etchant gas such as CF 4 . 
CI 2 , and BCln. A 1 and Al alloy may be etched by etchant gas 
containing chlorine such as and I1C1. Resist and a-C may be 

etched by 0- . Plasma etching may use various plasmas such as RF 
plasma and microwave plasma. 

As a conductive mask, amorphous carbon has been 
described. If a wiring layer is Al, W may be used as the 
conductive mask and Br-based gas may be used as an etchant. 

If a wiring layer is W, the conductive mask may be Al , 
TIN or the like and I—based gas may be used as an etchant. If a 
wiring layer is W silicide or polycide, similar combinations may 

be used. Any combination of a wiring layer and a conductive 
mask may be used if it provides a high etching selectivity and a 

suff ic i ent conduct ivlty of the mask . 

As the pattern pitch, 0.7 mm and 0.8 cm have been 

described. If the pattern pilch is about 1 cm or less, a 

distinctive micro loading effect can be obtained so that the 

present i nvent i on i s app I i cab 1 e . 

It is obvious to those skilled in the art: that various 

changes, improvements, combinations and the like may be made 

without departing from the scope and spirit of the appended claims. 



CLAIMS : 

1. A method of manufacturing- a semiconductor device 

having- an insulated gate typo field effect transistor, 
comprising the steps of: 

forming- a gate insulating film and an electrode layer 
on a semiconductor substrate; 

patterning: said electrod^f layer to form a gate 
electrode layer having a predetermined area and facing: said 
semiconductor substrate with said gate insulating; film being 
interposed therebetween ; 

forming: an interlayer insulating: film covering said 
gate electrode layer; 

forming a wiring layer connected to said gate 
electrode layer on said interlayer insulating film; 

forming: a conductive material layer on said wiring 

layer ; 

coating a resist layer on said conductive material 

layer ; 

patterning said resist layer to form a resist mask 
forming a wiring pattern having an antenna ratio of about ten 
times or more relative to said predetermined area of said gate 
electrode layer facing said semiconductor substrate; 

first plasma-etching at least said conductive material 
layer by using said resist mask as an etching mask; 

removing said resist mask after said first plasma- 
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etchirSL s tep ; and 

Rafter removing- said resist mask, second plasma-etching 
at least paVt of said wiring layer connected to said gate 
el ec t rode .1 ayer . 

2. A method according to c I aTrrPHy wherein said inter layer 
insulating film Includes a plurality of insulating films 
interposing another wiring Layer therebetween. 

3. a metho(| according to claim 1, wherein said conductive 
material layer is ma-de of carbon. 

4. A method according to claim 3, wherein said removal 
step is performed by oxygen plasma down-flow. 

t 

5. A method according to^laini 1, wherein said first 
plasma-etching step etches said conductive material layer, and 
said second plasma-etching step etches said wiring layer by 
using said conductive material layer as an etching: mask. 

6 , A method accord i rig to c 1 a i m 1 , wl^re i n sa i d f i rs t 

plasma-etching step etches said conductive material layer and 
the main part of said wiring layer, and said second plasma- 
etching step etches the remaining pari of said* wiring layer. 



A method of man u f ac t u r i n g a semiconductor device 




having a conductive film pattern with a pattern space ot 1 .am or 
less, comprising the steps of: 

forming- an electrode layer on part of the surface of a 
semiconductor substrate, with a thin insulating film being 
interposed therebetween ; 

forming an inter] aver insulating film on said 

electrode layer ; 

forming a conductive film connected to said electrode 

layer on said interlayer insulating film; 

forming an insulating material mask layer on said 

conductive f i lm ; 

coating: a resist layer on said insulating material 

mask layer; 

patterning: said resist layer; 

patterning said insulating material mask layer by 
using said resist layer as an etching mask; 

removing said resist layer; and 

plasma-etching and patterning said conductive layer by 
using said insulating material, mask layer as an etching mask, 
wherein the thickness of said insulating material mask layer 
is set to a half or less of a minimum pattern space. 

8 . A me t h o d a c c o r d i n g t o e I. a i m 7 , wh e r e i n s a i d i n t e r 1 ay e r 

insulating film has a contact hole exposing said electrode 
layer . 
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9. a method according to claim 7, wherein said in tor layer 
insulating film includes a plurality of insulating films 
interposing anotho r wi r i ng 1 aye r i her ebe tween . 

10. A method of manufacturing a semiconductor device, 
wherein in etching a wiring layer connected to an insulated gate 
of an insulated gate type field effect transistor or an 
insulating layer on the wiring layer by using plasma having 
uniform characteristics and exposed on the surface of a material 
to be processed, an RF bias having a frequency of 1 MHz or lower 
is applied to said material to be etched so as to make the 
amounts of ions and electrons incident in generally the vertical 
direction upon the surface of said wiring layer, generally equal 
to e a c h o t h e r . 

11. A method according to claim 10, wherein a divergent 
magnetic field gradually reducing magnetic flux densities and a 
mirror field are applied to said material to be processed. 

12. A method of manufacturing a semiconductor device, 
wherein plasma is generated under a divergent magnetic field 
gradually reducing a magnetic flux density and exposed on the 
surface of a material to he processed, and a cusp magnetic field 
is applied so as to make the amounts of ions and electrons 
incident generally in the vertical direction upon the surface of 
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said material to be processed, generally equal to each other. 

13. a method of manufacturing: a semiconductor device for 
forming a first wiring layer- and a second wiring layer at the 
same time, said first wiring layer being connected to a gate 
electrode on a gate insulating film formed on a semiconductor 
region, and said second wiring layer being connected to said 
semiconductor region, wherein in patterning said first and 
second wiring layers, a third wiring layer electrically 
separated from and placed between said first and second wiring 
layers is left unetched. 

14. A method according to claim 13, wherein the spaces 
among said third, first, and second wiring layers are set- 
generally equal to a minimum pattern space of said third, first, 
a n ci sec o n d w i r i n g 1 a vers. 

15. A semiconductor device comprising: 
a semiconductor substrate ; 

an insulated gate structure formed on said 
semi conduc t or subs t rate ; 

an interlayer insulating film covering said insulated 

gate st rue lure ; 

a first wiring and a second wiring formed on said 
interlayer insulating ft Tin, said first wiring being connected to 
said gate structure, and said second wiring being disposed 



spaced apart from said first wiring; and 

a wiring layer including- an Interpolation wiring- 
region not used as a wiring-, said wiring layer being formed 
between said first and second wirings with generally the same 
spaces being set between said first and second wirings and said 
wiring Layer . 
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